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* NOTICES * 



. JPO and* NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the billow energy conversion equipment which transforms the billow energy which a floating body 
receives into the rotational energy of the eccentric body of revolution supported with the horizontal axis free 
[ rotation ] inside said floating body The design circular frequency of the billow calculated from the design billow 
period (Td) chosen from either of the billow periods which has the highest billow period of the frequency of 
occurrence, or energy distribution curve top maximum (Wd=2 pi/Td), Billow energy conversion equipment 
characterized by making a ratio (Wd/Wn) with constant ************** Wn into the range of 0.6 thru/or 1.1 with 
the waterline top cross section and floating body mass of a floating body. 

[Claim 2] Billow energy-conversion equipment characterized by to enlarge substantially the horizontal-section 
product in the location exposed on the water surface in the billow energy-conversion equipment of an application 
for patent given in the 1st term of the range at the time of operation lower than a waterline at the time of 
quiescence of the location and floating body which sink in the bottom of the water surface at the time of 
operation more highly than a waterline at the time of quiescence of a floating body from the horizontal-section 
product of a waterline at the time of quiescence. 

[Claim 3] Billow energy-conversion equipment characterized by to make substantially the horizontal-section 
product in the location exposed on the water surface in the billow energy-conversion equipment of an application 
for patent given in the 1st term of the range at the time of operation lower than a waterline at the time of 
quiescence of the location and floating body which sink in the bottom of the water surface at the time of 
operation more highly than a waterline at the time of quiescence of a floating body smaller than the horizontal- 
section product of a waterline at the time of quiescence. 

[Claim 4] The billow energy inverter which made it possible to increase or decrease the mass of a floating body 
substantially by pouring water or draining to the ballast tank formed in the floating body in the billow energy 
inverter of an application for patent given in the 1st term of the range. 

[Claim 5] Billow energy conversion equipment characterized by having been small in the upper part, having set 
caudad the horizontal section product of the part which goes up and down the water surface at the time of 
operation, and enlarging it in the billow energy conversion equipment of an application for patent given in the 4th 
term of the range. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[Industrial Application] 

Especially this invention relates to the billow energy conversion equipment using the eccentric body of revolution 
rotated to an one direction within a floating body about billow energy conversion equipment. 
[Description of the Prior Art] 

About the energy conversion equipment of a billow, this produces and cheats out of the flow of seawater or air 
conventionally using change of the water surface accompanied by the wave motion, what takes out energy 
hydrodynamically is proposed, and the part is put in practical use. Moreover, the billow energy conversion 
equipment using the eccentric body of revolution rotated to an one direction within a floating body is also 
proposed. (JP,57-68566,A, publication of unexamined utility model application Showa 53-43146) 
[Problem(s) to be Solved by the Invention] 

The energy conversion equipment using change of the water surface accompanying the wave motion has 
problems, like that the life of equipment is short, and since [ which flows and takes out mechanical energy more ] 
it is not stable, hydraulic efficiency is low by the corrosion for moving part and the adhesion of an aquatic 
organism which were exposed underwater. Moreover, although it is made into an indispensable condition for the 
thing using the eccentric body of revolution rotated to an one direction within a floating body to be in agreement 
while the rotational frequency of eccentric body of revolution and the vibration frequency of a billow maintain 
predetermined phase contrast within the limits It was not solved about the stability of the rotation condition of 
the eccentric body of revolution rotated to the circumference of a horizontal axis in case a floating body and a 
billow will be in the resonance state conventionally, and the vibration frequency of a billow did not propose the 
resonant frequency of a floating body about **** beam billow energy conversion equipment. It was made in order 
that this invention might solve the above-mentioned trouble, and it aims at providing the basis of certain 
conditions with the resonant frequency of the floating body which builds in eccentric body of revolution, and 
providing the vibration frequency of a billow with the long billow energy conversion equipment with effectiveness 
high moreover of the period which can be ******** worked. 
[Means for Solving the Problem] 

In order to use the vertical movement of a floating body which occupies the principal part of the mechanical 
energy given to a floating body by the billow The design circular frequency of the billow calculated from the 
design billow period (Td) chosen from either of the billow periods which prepares the eccentric body of revolution 
supported with a horizontal axis in a floating body, and has the highest billow period of the frequency of 
occurrence, or energy distribution curve top maximum (Wd=2 pi/Td), A ratio (Wd/Wn) with constant 
************** yy n j s mac |e to become the range of 0.6 thru/or 1.1 with the waterline top cross section and 
floating body mass of a floating body. 
[Function] 

The experiment was conducted about the equipment which numerical calculation is performed about the model 
shown in Fig. 1 in order to clarify movement with the floating body and the eccentric body of revolution in this 
invention, and is shown in Fig. 2 . 

Fig. 1 — setting — a floating body M — the mass m of eccentric body of revolution — including — mass M — 
having — the spring K of spring constant K, and attenuation — counting — it supports with the damper C which 

X -M C OS Wt 
is C. Moreover, a spring K is a variation rate. 0 2 

Mass m approximates the eccentric body of revolution currently supported with the diaphragm come out of and 
operated (however, t is shown time) as what rotates with a radius of gyration r. The angle of rotation phi of 
variation-rate X* from the equilibrium position of a floating body and eccentric body of revolution is made into a 
generalized coordinate, and Lagrangian equations of motion are expressed as follows considering the moment 
which acts on the force of the vertical direction of acting on a floating body, and the revolving shaft of eccentric 
body of revolution as each generalized force. 



M x 



+ Cx* + Kx* 
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KHcos wt+mr 



< <t> 2 cos0 + 0s i n <£> ) 



}(1 ) 



J <t> 

= m r x * s i n + m r g s i n - T 



However, Tr is with the torque told to ****** of eccentric body of revolution. 

T r - T G + T b + C *b * ^ * * 

Here TG : Load torque Tb:mechanical braking torque **C*b of the generator connected to eccentric body of 
revolution : moreover it is the mechanical-loss multiplier of a body-of-revolution system, J is the moment of 
inertia of a body-of-revolution system, and g is gravitational acceleration. 

The equation (1) was a non-line type equation of oscillation, mathematically, although the strict solution was not 
calculated, it made phase contrast of eccentric body of revolution and a diaphragm theta, i.e., phi=wt+theta, theta 
equalized it over a round over one week of wt about the case where change is small, and the approximation 
calculation was performed. Thus, it was calculated about the various phases and amplitude used as a steady 
state. This result is shown in Fig. 3 . For the axis of abscissa of a graph, frequency ratio eta=W/Wn, however Wn 



are 



floating body fundamental circular frequency. ( #/ K / M ) 



It comes out. It sets to drawing and is AO. : The phase xi 0 of amplitude / HthetaOieccentricity body of revolution 
of a floating body: It is the phase contrast (=thetaO-xiO) of the phase theta 1 :eccentricity body of revolution of a 
floating body. 

Furthermore, when the above-mentioned phase shifts from a stationary value, count is performed about whether 
it will be in a stable state, and the unstable range is shown by the curvilinear destructive line of Fig. 3 . 
In order to check the validity of the above-mentioned count result, an experiment is conducted by the equipment 
shown in Fig. 2 , and the acquired value is plotted on the graph of F\g._3 . 

— Q o S W t 

' n Fl&L ? , the end is supported to revolve rockable and a floating body M is the other end. 2 

It supports through the spring K of spring constant K with the diaphragm which vibrates at least by ****. The 
mass of a floating body M is M and the damper C of a damping coefficient C is formed between fixed walls. The 
mass of the eccentric body of revolution m currently supported free [ rotation ] with the shaft horizontal on a 
floating body M is m, and a radius of gyration is r. The value of the load of the generator to which rotation of 
eccentric body of revolution is told through a speed-increasing gear can be changed now with a switch. 
The signs in Fig. 3 are O:xi0, -:theta1, **:thetaO, and **:A0. 

The parameter used for the above-mentioned count and an experiment is shown in the 1st table. 



(kg) 


43.54 


^>hj (kg?7f) 


0.0970 




49.2 


^TUft^Sr (ra) 


0. 036 


MSm (kg) 


10.2 




0. 015 



However, Cc in an equivalence damping ratio shows a critical damping coefficient. Count and an experiment were 
conducted also about the parameter shown in the 1st table, and a different parameter. As a result about the 
minimum (**1.1) of eta of an unstable region, it did not change, but was only that an upper limit changes. The 
unstable range shown by the unstable region and experiment by count was comparatively well in agreement, it set 
to this field, and rotation of eccentric body of revolution turbulence [ rotation ] or stopped. 

Furthermore, count and an experiment are conducted about the ratio (effectiveness psi%) of conversion energy to 
the available energy of a billow, the revolving-shaft output Pnet, and the revolving-shaft torque Tr (max), and the 



result is shown in the 4th drawin g 4 Fig. 

The following fact is clarified from Figs. 3 and 4 . That is, a frequency ratio eta is desirable in order that that it is 
0.6 or more may raise an energy conversion efficiency, and since the output by which it was stabilized that it is 
eta< 1.1 is obtained, it is desirable. 

Although the period of the billow generated on a sea surface is distributed over the comparatively large range, if 
this is observed over a long period of time, the energy distribution and frequency-of-occurrence distribution exist 
on a fixed curve. The result observed by wave-energy-conversion trial ship "Kaimei" is shown in Fig. 5 . 
According to the graph of Fig. 5 , the wave period which shows the most frequencies of occurrence is smaller 
than the wave period which shows energy distribution curve top maximum. (Reverse relation is realized about the 
number W of ********) 

In order to make into max billow energy changed from the fact described above, it turns out that it is desirable to 
set the fundamental circular frequency Wn of a floating body that Wd/Wn becomes the range of 0.6 thru/or 1.1 by 
making into the design circular frequency Wd billow circular frequency which has energy distribution curve top 
maximum. Moreover, in order to lengthen the period which can use 1 commuter s-ticket period billow energy as 
much as possible and to enable efficient operation moreover, it is advantageous to set the fundamental circular 
frequency Wn of a floating body that Wd/Wn becomes the range of 0.6 thru/or 1.1 by making highest billow 
circular frequency of the frequency of occurrence into the design circular frequency Wd. 
[Example] 

With reference to Figs. 6 thru/or 10, the example of this invention is explained below. 

In the 1st example shown in Figs. 6 and 7 , the eccentric body of revolution 2 supports free [ rotation ] with the 
horizontal axis 6 inside the floating body 1 which floats on a sea surface 5. The horizontal axis 6 is connected 
with the generator 4 through the speed-increasing gear 3. It connects by the exterior and the cable 7 of a floating 
body 1, and a generator 4 has a function as a flywheel to eccentric body of revolution in the function and 
coincidence as a generator and a motor. The phase contrast of the vertical movement of a floating body to 
vertical movement of a sea surface is measured by the water gage which is not illustrated, and the angle of 
rotation from the criteria location of the eccentric body of revolution 2 is measured with the goniometer which is 
not illustrated again. The horizontal section product in the waterline of a floating body 2 is fixed in the vertical 
direction, therefore equivalence spring constant K als o becomes fixed. It is proper **** number Wn of a floating 

body, using mass of a floating body as M. ^ n ~~ *i K / M 

It comes out and asks, a ratio with the design circular frequency Wd and Wn of a billow — although it considers 
as the range of 0.6 thru/or 1.1, since carrying out to the mean value (about [ i.e., ] 0.85) can change energy 
effectively to the wave of the period of the large range, Wd/Wn is desirable. When starting this equipment, 
eccentric body of revolution is accelerated until it makes a generator 1 act as a motor first and the difference of 
the phase to the wave front of eccentric body of revolution and a floating body is stabilized in the predetermined 
range. Connection is switched and billow energy is used as power so that the late-coming electrical machinery 1 
may be made to act as a generator. The magnitude from which eccentric body of revolution receives billow 
energy sets the rotational delay include angle of the eccentric body of revolution to vibration of a floating body to 
alpha, and is proportional to sinalpha. Therefore, if angle of lag becomes large, the rotational speed of eccentric 
body of revolution will become quick, and the ratio of the circular frequency W and fundamental circular frequency 
Wn of a billow will rotate eccentric body of revolution in the 1.1 or less range synchronizing with a billow. 
However, a generator load is adjusted, detecting alpha whenever [ above-mentioned angle of lag ], since there is a 
limitation in the output which can be taken out from a generator. When the load of a generator is restricted to the 
generous enough minimum, even if it does not perform the above-mentioned control, operation of equipment is 
attained over the large range. 

The cross section of the floating body of the 2nd, 3rd, and 4th example of this invention is shown in the 8th 
drawin g 8 Fig. thru/or Fig. 10. In these examples, it has the component same inside a floating body as the 1st 
example. In the 2nd example, since the cross section of the upper part of a waterline and a lower part is large, if 
the amplitude of a floating body becomes large, fundamental circular frequency Wn will become large. When large, 
a floating body and a billow will be [ the circular frequency W of a billow ] in the resonance state, the amplitude of 
a floating body becomes large, therefore Wn becomes large. In that case, 1.1 or less condition is maintained and 
the operation of equipment of W/Wn is attained. 

In the 3rd example shown in Fig. 9 , since the horizontal section product is small in the upper part of a waterline, 
and a lower part, when the amplitude of a floating body is large, fundamental circular frequency becomes small. 
Since amplitude generally becomes large when the period of a billow is long, Wn becomes small in that case and 
W/Wn comes to have an energy conversion efficiency high [ are that of ****** 1 anc | ] when the period of a 
billow is long with this equipment. In the 4th example shown in Fig. 10, Wn is changeable by pouring in or 
discharging water with a pump in a ballast tank 8. Since the floating body weight M increases, and a waterline 
goes up, when water is poured in into the ballast tank and equivalence spring constant K decreases 



W n - V K / M 



** — it becomes small. When draining water from a ballast tank, Wn becomes large conversely. Thus, since the 
fundamental circular frequency of a floating body can be adjusted according to the period of the billow to 
generate, efficient energy conversion becomes possible over the range where the period of a billow is large. 
[Effect of the Invention] 

Since a part for moving part is contained inside the floating body, the corrosion by seawater does not occur, but 
the billow energy conversion equipment by this invention is easy to perform maintenance, and its life of 
equipment is also long. Moreover, since energy is taken out as smooth rotation of an one direction, its mechanical 
efficiency is high. Furthermore, since vibration of a floating body and vertical movement of a billow are maintained 
at the condition near resonance using vertical movement of a floating body, the amount of energy transfers from 
a billow to a floating body can become large, and equipment can be worked by the energy conversion efficiency 
high as a whole over the large periodic range of a billow. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

The drawing in which the dynamics model of equipment according [ Fig. 1 ] to this invention is shown, the drawing 
which the 2nd drawin g 2 Fig. shows this experimental device, The graph which shows a count result and an 
experimental result according [ Figs. 3 and 4 ] to the above-mentioned dynamics model and an experimental 
device, The graph with which Fig. 5 shows the energy distribution and the frequency of occurrence of a billow, a 
cross-sectional view [ in / in Fig. 6 / the 1st example of this invention ], and Fig. 7 are sectional views showing 
[ this drawing of longitudinal section and / 8 or 10 ] the 2nd thru/or the 4th example of this invention. 

1 [ — A generator, 5 / — A sea surface, 6 / — A shaft, 7 / — A cable, 8 / — Ballast tank. ] — A floating body, 

2 — Eccentric body of revolution, 3 — A speed-increasing gear, 4 



[Translation done.] 
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